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Caveats of Balloon Dilation of Conduits and Conduit Valves
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The results and complications of percutaneous balloon
dilation involving 10 patients with a stenotic right ventricle
to pulmonary artery prosthetic conduit and 1 patient with
an obstructed right atrium to left pulmonary artery Dacron
graft (modified Fontan) are reported . For the 10 patients
(14.5 ± 5 years) with a right ventricle to pulmonary artery
conduit, the mean (± SD) predilation conduit valve gradi-
ent was 57 ± mm Hg, right ventricular pressure 104 ±
1 mm Hg and right ventricle to pulmonary artery gradient
75 ± 3 mm Hg ; of the patients had additional pulmonary
artery stenosis requiring dilation. In one patient, the bal-
loon could not be advanced across the conduit valve .
In 9 of 10 patients in whom dilation was successfully
performed, the conduit valve gradient decreased by 59 ±
13%, right ventricle to pulmonary artery gradient by 43 ±
The utilization of right ventricle to pulmonary artery con-
duits has allowed the anatomic correction of several congen-
ital heart anomalies, including truncus arteriosus, complex
tetralogy of Fallot, pulmonary valve atresia and complete
transposition of the great arteries . In addition, prosthetic
grafts are increasingly being used to enlarge pulmonary
arteries or to supplement the right atrium to pulmonary
artery connection in modifications of the Fontan operation .
However, these conduits and grafts are not without compli-
cation . Especially in children and adolescents, valved and
nonvalved conduits often progressively calcify or develop
intimal peel (or both), producing obstruction (1-3) .
Surgical replacement of conduits and grafts can be per-
formed at low risk (4) but is accompanied by the morbidity
associated with repeat thoracotomy and cardiotomy . Con-
duit stenosis may occur early when patient size may not
allow replacement with the adult-size conduit that will
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% and right ventricular pressure by 31 ± 11% . After
dilation, right ventricular pressure was <65% of systemic
pressure in seven patients, although no pressure was
<40% . In 8 of the 11 patients, surgery was avoided or
postponed. Complications included loss of a balloon frag-
ment after rupture during the unsuccessful dilation of the
right atrium to left pulmonary artery graft and circumfer-
ential balloon rupture requiring catheter retrieval of the
distal portion of the balloon from the femoral vein after
successful dilation of the right ventricle to pulmonary
artery conduit .
Conduit valve dilation by balloon can reduce but rarely
eliminate conduit obstruction, and balloon rupture may
occur and can result in fragment loss or embolization .
(J Am Coll Cardiol 1989;14:397-400)
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eventually be required . A method of interim palliation would
be helpful for reducing the total number of cardiac opera-
tions required and for allowing scheduling of such operations
that is compatible with the patient's projected growth .
Balloon dilation is now the therapy of choice for pulmo-
nary valve stenosis and has been increasingly used to relieve
stenoses in nearly every portion of the cardiovascular sys-
tem
. This report represents our experience with balloon
dilation in 10 patients with a stenotic right ventricle to
pulmonary artery prosthetic conduit and I patient with an
obstructed right atrium to left pulmonary artery Dacron graft
after a modified Fontan procedure .
Methods
Study subjects . Seven male and four female patients with
a mean age of 14.5 years underwent attempted balloon
dilation of a conduit or graft (Table 1)
. Seven patients had
had repair of pulmonary atresia with ventricular septal
defect or complex tetralogy of Fallot, two patients a Rastelli-
type repair of complete transposition of the great arteries
with ventricular septal defect, one a Kaye-Damus-Stansel
repair of complete transposition with intact ventricular sep-
tum, and one a Dacron graft enlargement of the pulmonary
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Table 1 . Features of I I Patients Undergoing Balloon Dilation of
Conduits and Conduit Valves
artery after a modified Fontan operation . Median time be-
tween conduit placement and balloon dilation was 6 .4 years
(range 3 to 9.8) .
Conduit balloon dilation . Each patient had complete
catheterization of the right side of the heart, including
cardiac output measured by indocyanine green dye curve or
oximetry before dilation . One or two 0 .038 in . (0.097 cm)
tight J-tip exchange guide wires were then advanced into the
distal right or left pulmonary artery through a Lehman or
balloon wedge catheter . The catheter was then replaced by
the dilating balloon or balloons with a total balloon area
equal to ± 10% of the original conduit valve area, as pre-
dicted by the manufacturers' measured conduit size (diam-
eter) .
Although advancing the dilating balloon across the ob-
structed conduit valve was difficult in 6 of the 11 patients, it
was accomplished in all but 1 patient . Maneuvers to facilitate
balloon passage included use of an extra-stiff Amplatz ex-
change guide wire (Cook, Inc .), use of silicone lubricant
applied directly to the balloon to allow easier passage and
less distortion both through the skin and the valve (Implant
Aid: Intermedics), placement of a Mullins transseptal-type
sheath into the right ventricular outflow tract to allow
catheter advancement without catheter buckling and wedg-
ing of one smaller balloon catheter in the valve commissure
to improve orifice contour, thereby allowing advancement of
a second larger balloon catheter across the central lumen
while the first remained in place .
Dilation was performed with a single balloon technique in
eight patients and a double balloon technique in two .
Patients underwent two to eight inflations of 3 . to 1 atm .
Each patient had repeated measurement of right-sided pres-
sures and cardiac output by indocyanine green dye curve .
Statistics . Values are presented as mean values ± SD .
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Figure 1 . A, Conduit valve gradient before and after balloon dila-
tion in nine patients . B, Right ventricle to pulmonary artery gradient
before and after balloon dilation . C and D, Right ventricular (RV)
pressure (C) and percent of systemic pressure (D) before and after
balloon dilation . The open circle represents a 10th patient in whom
the dilation balloon could not be passed across the stenotic valve .
The vertical bar represents standard deviation .
Results
The one attempted dilation of anastomoses in the patient
with a Dacron graft augmentation of the right atrium to
pulmonary artery connection was unsuccessful, as described
previously .
Hemodynamic findings before balloon dilation . In the 10
patients with a right ventricle to pulmonary artery conduit,
the mean right ventricular pressure before dilation was 104 ±
1 mm Hg. The mean right ventricle to pulmonary artery
gradient was 75 ± 3 mm Hg, whereas the mean conduit
valve gradient was 57 ± mm Hg. This difference repre-
sents an additional gradient either at the proximal or distal
anastomotic site or resulting from an intraconduit peel. Two
of the patients also had additional peripheral pulmonary
artery stenosis that required balloon dilation .
Hemodynamic results of balloon dilation . The results of
dilation in the 10 patients with a right ventricle to pulmonary
artery conduit are shown in Figure 1 . In one patient, the
balloon could not be advanced across the stenotic conduit
valve. The mean conduit valve gradient in the other nine
patients decreased by 59 ± 13% (from 51 mm Hg before
dilation to 1 mm Hg after dilation, Fig . ]A) . However, the
mean right ventricle to pulmonary artery gradient was re-
duced by only 43 ± % (from 68 to 39 mm Hg, Fig . 1B),
reflecting associated anastomotic stenoses or perhaps con-
Case
Age
(yr)/Gender Diagnosis
Conduit
I
11/M
PA, VSD 18 Tascon*
19/F PA, VSD 6 ion-Shileyt
3 1/F PA, VSD
Hancock
4 18/M PA, VSD Ion-Shiley
5 7/M PA, VSD
18 Ion-Shiley
6 15/M
Tetralogy of Fallot 5 Hancock
7 14/M Tetralogy of Fallot 5 Hancock
8 1/F Rastelli-TGA, VSD
5 Hancock
9 1
/F
Rastelli-TGA, VSD Ion-Shiley
10 7/M Kaye-Damus-TGA, IVS 18 C-Edwards$
11 14/M Fontan-tricuspid atresia
Dacron graft
*Tascon (18 mm) conduit with porcine heterograft valve ; tlonescu-Shiley
valve, Dacron conduit ; #Dacron (18 mm) conduit with Carpentier-Edwards
valve . IVS = intact ventricular septum
; PA = pulmonary artery ; TGA
transposition of great arteries ; VSD = ventricular septal defect
.
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Figure . Atypical balloon ruptures . A, Ab-
sent balloon fragment (arrowheads) . B, Cir-
cumferential rupture with catheter separation .
See text for details .
duit peel. The mean right ventricular pressure decreased by
31 ± 11%, from 100 to 69 mm Hg (Fig . IC) . Although all 10
patients had right ventricular pressures >70% of systemic
pressure before dilation, 7 had pressure reduced below this
level after dilation (Fig . ID). Mean cardiac index did not
change after balloon dilation .
In 8 of the 11 patients undergoing balloon dilation surgery
was either delayed or avoided . One of the eight patients has
since returned for conduit replacement 1 .5 years after dila-
tion .
Complications . There were six balloon ruptures . Two
types of balloon rupture were of special concern (Fig . ) . In
the patient with the stenotic right atrium to pulmonary artery
graft after a Fontan operation, a portion (approximately 1 .5
cm ) of the ruptured dilation balloon was noted to be missing
when the balloon was removed (Fig . A). The dilation was
unsuccessful, and the patient underwent reoperation several
days later. Residual balloon fragments were not found . The
patient was discharged after an uneventful postoperative
course. Calcific spicules in the conduit may have lacerated
the balloon .
Another balloon rupture and complication occurred dur-
ing successful dilation of the stenotic Hancock conduit valve
(Fig . B) . A circumferential balloon rupture occurred at 3 .8
atm, possibly related to high balloon wall tension located at
the calcified conduit valve . On withdrawal, the distal balloon
everted and lodged in the iliac vein, and further manipulation
resulted in catheter breakage, with the distal part of the
balloon and the catheter remaining in the femoral vein but on
the wire that had been left in place . While direct pressure
was held over the distal fragment and the supporting ex-
change wire to prevent embolic migration, through the same
femoral vein but a different percutaneous site, a second wire
loop was advanced over the fragment and the distal wire and
fragment were retrieved and brought to the second percuta-
neous site. The catheter fragment was then pulled into the
femoral vein and removed by surgical cutdown . The patient
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was discharged the following day, without problems second-
ary to this complication .
Discussion
These results indicate that . while technically challenging,
balloon dilation of stenotic heterograft valves and prosthetic
conduits can be performed in most patients . Conduit valve
gradient was reduced by 59% . This experience confirms that
of Lloyd et al . (5), who used balloon dilation to successfully
reduce conduit valve gradient in three of six patients .
Sources of conduit stenoses : role of balloon dilation . Con-
duit valve stenosis alone is the major obstruction in only 46%
of patients, whereas 30% have a thick fibrous intimal peel
and 4% have anastomotic stenoses (6,7) . Dilation of non-
valvular conduit stenosis, due either to anastomotic stenosis
or to intraconduit peel, may be unsuccessful . The lack of
compressibility of conduit peel was documented by Edwards
et al . (6), who described thick fibrous neointimal peel,
sometimes with organized thrombus, in the area between the
neointimal peel and the conduit wall . It seems unlikely that
such fibrotic material and thrombus could be significantly
compressed by direct lateral pressure . Additionally, the
neointimal peel could be dislodged or dissected from the
conduit wall during catheter manipulation or balloon dila-
tion . None of the patients in our series had this complication,
but cautious catheter and wire manipulation would be ad-
vised. Stenosis at anastomotic sites, however, involves a
circumferential suture line with associated fibrosis and scar-
ring, and, especially when this suture line is attached to a
fixed circumference prosthetic conduit, easy distension
seems unlikely . Although suture lines have been success-
fully dilated in the descending aorta after repair of coarcta-
tion (8.9), these patients typically do not have the circum-
ferential fixed circumference conduit at one end of the
anastomosis .
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Effect on conduit valve regurgitation . The effect of bal-
loon dilation on conduit valve regurgitation was not as-
sessed . Echocardiography has demonstrated that conduit
valves may be nonfunctional, immobile and regurgitant
before dilation . In the absence of substantial right ventricu-
lar dilation or significantly elevated distal pulmonary artery
pressures, this regurgitation should be well tolerated for the
period of palliation that is being sought .
Technical considerations . Crossing the obstructed con-
duit valve with balloon dilation catheters is often challeng-
ing. However, such techniques as the use of an extra-stiff
exchange guide wire to direct the catheter toward the central
portion of the valve, the use of a Mullins transseptal-type
sheath placed in the right ventricular outflow tracts to
eliminate catheter buckling, the use of one balloon
"wedged" in the valve commissure to help direct the second
dilating balloon to the central lumen and the use of silicone
lubricant to allow less balloon distortion and easier passage
(both through the skin and through the valve) allowed
balloon passage and performance of dilation in 9 of 10
patients with conduit valve obstruction .
Complications . In our series, balloon rupture occurred in
six patients, including two in whom balloon fragments be-
came dislodged . This experience is similar to that of Lloyd et
al . (5), who reported that more than half of their patients had
balloon rupture and that a transverse tear with evulsion of a
balloon fragment requiring surgical removal from the iliac
vein occurred in one of their six patients . The incidence of
balloon rupture as well as atypical balloon rupture is in-
creased with stenotic bioprosthetic conduits . As suggested
by Lloyd et al . (5), irregular calcification and calcific spicules
likely cause asymmetric balloon tension and increased bal-
loon distortion in the region of the calcific deposits. This
result predisposes to balloon rupture and to possible circum-
ferential rupture or fragment loss . On the basis of this
experience, our policy is never to inflate beyond recom-
mended pressures during dilation of prosthetic conduits and
grafts .
Conclusions . Balloon dilation of conduits and grafts can
be performed safely and successfully to allow temporary
reduction of right ventricular pressure and delay conduit
replacement, allow for more ideal surgical scheduling and
reduce the total number of thoracotomies . A substantial
reduction in conduit valve gradient can be expected without
a significant effect on anastomotic stenoses or an intracon-
duit peel . Risk of balloon rupture as well as atypical balloon
rupture with potential fragment loss seems to be increased in
these patients, and inflation pressures should be limited to
the level recommended by the manufacturer .
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